Temperature Measuring Device 



Background of the Invention 

Field of the Invention 

The present invention relates to a temperature measuring device which is positioned 
within the airflow flowing into an engine of an aircraft or an external surface of the aircraft, and 
which measures the temperature of the airflow. 

Description of the Related Art 

Conventionally, on aircraft on which engines are mounted, temperature measuring 
devices which measure the temperature of airflows are arranged in the air intake or near the 
intake of the engines, or on an external surface of the aircraft. 

The air to the outside of a cruising aircraft forms an airflow at high speed, and it is 
necessary to measure the total temperature of this airflow. In order to measure the total 
temperature of the airflow, for example, a temperature measuring device having a structure in 
which the airflow is guided into a casing having a sensor located inside, a stagnation point in the 
airflow is formed by the airflow striking the inner surface of the casing and the stagnation 
temperature at this stagnation point is measured. Alternatively, a temperature measuring device 
having a structure in which the total temperature is measured by means of restricting the flow 
rate of the airflow passing through a passage can be used. 

In addition, in Japanese Patent Application No. Hei 11-95563 previously filed by the 
applicant of the present application, a temperature measuring device in which a sensor is 
provided in the surface of a blade-shaped casing is described. Under practical conditions, this 
temperature measuring device derives the total temperature by measuring the temperature of 
Ihe airflow passing over the surface of the casing from the fact that the temperature of the 
airflow passing over the surface of the casing and causing friction approximates the total 
temperature at the stagnation point. 
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However, when an aircraft is cruising in conditions of ice and snow, with the 
above-mentioned temperature measurement device having a structure in which the airflow 
strikes the inner wall of the casing, there is the problem that since the ice and snow adhere to 
and build up inside the casing and on the periphery of the air intake, the air intake becomes 
blocked, the airflow cannot be guided into the air intake, and it is not possible for the 
temperature to be measured. In addition, there is the problem that ice and snow adhere to the 
sensor, accurate temperature measurement is prevented, and the sensor itself becomes 
damaged. In the same way, the temperature measurement device which has a structure through 
which the airflow passes also has the problem that the passage becomes blocked by the 
adhesion of ice and snow, and temperature measurement becomes impossible. 

In addition, according to the temperature measurement device described in Japanese 
Patent Application No. Hei 11-95563, a structure is adopted in which the adhesion and build up 
of ice and snow on the sensor or in the vicinity of the sensor does not occur. Therefore, 
problems such as the sensor becoming damaged, or accurate temperature measurement being 
prevented have been solved. However, when lumps of ice and snow which adhere to the casing 
become large and detach, these lumps of ice and snow strike the engine, the airframe or 
equipment of the aircraft, due to the airflow. Therefore, there is the problem that the engine, 
aircraft or the like will become damaged. It is possible to prevent the icing which causes this 
type of problem by heating the casing using an electric heater or high temperature engine bleed 
air, but the structure becomes complex and heavy, and accurate temperature measurement is 
difficult when the casing is heated. 



Summary of the Invention 
In light of the above-mentioned problems, the present invention has an object of 
providing a temperature measuring device which can be used without the provision of a heating 
mechanism, with which accurate temperature measurement can be carried out, to which ice and 
snow do not readily adhere, and with which even when ice and snow do adhere, the temperature 
measuring device itself is not damaged, and the engine or the like are not damaged when the ice 
and snow detach. 



In order to achieve the above-mentioned object, the present invention is a temperature 
measuring device which comprises an approximately blade-shaped casing arranged within the 
airflow flowing into an engine of an aircraft or on the exterior surface of an airframe of an 
aircraft, and which measures the total temperature Tl of an airflow based on the measured 
temperature T of the airflow flowing over surfaces of the casing, wherein the shape of the 
casing is set such that lumps of ice and snow which form on a surface of the casing in conditions 
of ice and snow, and which detach from the casing and are drawn into the engine or onto the 
airframe or equipment of the aircraft detach at a stage of growth at which they do not cause 
damage to the engine or the airframe or the equipment of the aircraft. 

According to the present invention, even in conditions of ice and snow, since the casing 
is formed in a shape from which adhered lumps of ice and snow detach without growing to be 
large, and it is possible to derive the total temperature without the measurement of the 
stagnation temperature using a structure with which ice and snow accumulate readily, a heating 
mechanism for the prevention of the adhesion of ice and snow is not necessary, and temperature 
measurement which is more accurate than conventional devices is possible. In addition, there is 
no damage to the temperature measuring device due to ice and snow, and furthermore, there is 
no damage to the engine or to the airframe or the equipment of the aircraft due to the impact of 
lumps of detached ice and snow. In other words, according to the present invention, it is 
possible to obtain by means of a simple construction a temperature measuring device with 
which accurate temperature measurement is possible without damage to the engine, and which 
does not break readily. 

In addition, when the angle of inclination of each blade surface of the casing with 
respect to the direction of the line of flow of the airflow is specified so that lumps of ice and 
snow detach at a stage of growth at which they do not cause damage to the engine or the 
airframe or the equipment of the aircraft, it is difficult for the lumps of ice and snow to become 
adhered to the leading edge and grow rearward. In addition, since the surface area for adhesion 
on the casing is small, adhesive strength for the casing is weak. Consequently, the growth of ice 
and snow can be controlled, it is possible for the ice and snow to detach readily, and therefore, it 



is possible to obtain a temperature measuring device which more reliably does not cause 
damage to the engine. 

In addition, when the width of the leading edge of the casing with respect to the 
direction of the line of flow of the airflow is specified so that lumps of ice and snow detach at a 
stage of growth at which they do not cause damage to the engine or the airframe or the 
equipment of the aircraft, the surface area of the casing to which lumps of ice and snow can 
adhere is small, and the shearing strength of the adhered section is weak, therefore, they break 
easily, and lumps of ice and snow do not adhere strongly to the casing. Consequently, it is 
possible to control the growth of ice and snow, and for the ice and snow to detach readily, 
therefore, it is possible to obtain a temperature measuring device which more reliably does not 
cause damage to the engine. 

In addition, when the angle of inclination of the leading edge of the casing with respect 
to the direction of the line of flow of the airflow is specified so that the lumps of ice and snow 
detach at a stage of growth at which they do not cause damage to the engine or to the airframe or 
the equipment of the aircraft, the air resistance force exerted on the ice and snow by the airflow 
causes the ice and snow to detach readily, the ice and snow does not readily adhere to the lower 
part of the casing, and the adhesive force of the ice and snow does not become strong. 
Consequently, it is possible to control the growth of the ice and snow, and the ice and snow 
readily detaches, therefore, it is possible to obtain a temperature measuring device which more 
reliably does not cause damage to the engine or the like. 

Brief Description of the Drawings 

Figure 1 is a perspective drawing showing an embodiment of the temperature measuring 
device according to a best mode of the present invention. 

Figure 2 is a cross-section showing the temperature measuring device according to a 
best mode of the present invention installed in an engine. 

Figure 3A is a first schematic diagram showing the way the airflow flows and the 
manner in which ice and snow adhere with respect to the casing according to the present 
invention. 
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Figure 3B is a second schematic diagram showing the way the airflow flows and the 
manner in which ice and snow adhere with respect to the casing according to the present 
invention. 

Figure 3C is a third schematic diagram showing the way the airflow flows and the 
manner in which ice and snow adhere with respect to the casing according to the present 
invention. 

Figure 4 A is a first schematic diagram showing the way the airflow flows and the 
manner in which ice and snow adhere with respect to a casing. 

Figure 4B is a second schematic diagram showing the way the airflow flows and the 
manner in which ice and snow adhere with respect to a casing. 

Figure 4C is a third schematic diagram showing the way the airflow flows and the 
manner in which ice and snow adhere with respect to a casing. 

Figure 5A is a first schematic diagram showing the way the airflow flows and the 
manner in which ice and snow adhere with respect to a casing. 

Figure 5B is a second schematic diagram showing the way the airflow flows and the 
manner in which ice and snow adhere with respect to a casing. 

Figure 5C is a third schematic diagram showing the way the airflow flows and the 
manner in which ice and snow adhere with respect to a casing. 

Figure 6A is a first schematic diagram showing the way the airflow flows and the 
manner in which ice and snow adhere with respect to a casing. 

Figure 6B is a second schematic diagram showing the way the airflow flows and the 
manner in which ice and snow adhere with respect to a casing. 

Figure 6C is a third schematic diagram showing the way the airflow flows and the 
manner in which ice and snow adhere with respect to a casing. 

Best Mode for Carrying Out the Invention 
In the following, embodiments of the present invention will be explained with reference 
to the figures. 



Figure 1 is a perspective drawing showing an embodiment of the temperature measuring 
device of the present invention. This temperature measuring device 10 has a structure in which 
a temperature sensor 30 is built into a casing 20, and the temperature measured by the 
temperature sensor 30 is transmitted to the exterior via an electric interface 31. 

As shown in Figure 2, casing 20 comprises a base 21 for the purpose of attaching the 
casing 20 to the airflow guide inlet 41 of the engine 40, and a sensor housing section 22. Sensor 
housing section 22 is formed so as to project from the base 21 into the airflow which is taken 
into the engine 40. 

O The sensor housing section 22 comprises two airflow traversing surfaces 23 which are 

SJ arranged so that they are each at an angle of 9° with respect to the line of flow of the airflow and 

Hi which together form a point angle ot of 18°, and an inclined leading edge section 24 formed by 



VI 



m a ridge of R 0.1 where these airflow traversing surfaces 23 (blade surfaces) meet, and having an 

p angle of 55° (a sweptback angle J8 of 35°) with respect to the direction of the line of flow of the 

airflow when positioned within the airflow. The leading edge section 24 is arranged toward the 
upstream side within the airflow (to the right in Figure 2). In addition, the two airflow 
9 traversing surfaces 23, which meet forming the leading edge section 24 as a ridge, rise up 

perpendicularly with respect to the base 21, and are arranged in line with the airflow. In 
addition, each surface of the sensor housing section 22 is connected and sealed without gaps. 

The temperature sensor 30 uses, for example, a resistance temperature type sensor, a 
thermocouple, or the like, is provided within the sensor housing section 22 near the surface of 
the air current traversing surfaces 23, and is connected to electric interface 31 by lead 32. The 
temperature measured by the temperature sensor 30 is transmitted as an electrical signal via the 
electric interface 31 to an engine control device (not shown in the figures). 

A temperature measuring device 10 having the above-mentioned structure is attached to 
the top of the inside wall of the airflow guide inlet 41 of the engine 40 using the base 21, and is 
arranged such that when the aircraft is cruising, the airflow traversing surfaces 23 are in line 
with the airflow and the leading edge section 24 is toward the upstream side (Figure 2). When 
an aircraft in which an temperature measuring device 10 has been provided on the engine 40 is 
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cruising, the airflow is divided along both sides of the sensor housing section 22, and flows 
along the airflow traversing surfaces 23 (Figure 3A). 

Here, the temperature T measured by the present temperature measuring device 10 will 
be explained. 

When the airflow is flowing along the airflow traversing surfaces 23, the air in the 
vicinity of the surface of the airflow traversing surfaces 23 generates heat due to friction due to 
the relative speeds of the airflow and the airflow traversing surfaces 23. Therefore, the 
measured temperature T measured by the temperature sensor 30 is a temperature which has 
been raised due to the heat from friction. 

In addition, in general, the total temperature Tl of air having a static temperature TO 
flowing at Mach M is represented by: 

Tl = TO ( 1 + ( K - 1 ) / 2 x M 2 ) (1) 

Wherein K is the specific heat ratio of air (=N= 1.4) 

On the other hand, the measured temperature T of an airflow which flows over the 
surface of the airflow traversing surfaces 23 as in the present invention is, with respect to the 
static temperature TO, represented by: 

T = T0(l + r(/c -l)/2 xM 2 ) (2) 

Wherein: r = Pr 1/3 ( = 0.9) 

Pr is the Prandtl Number of air 0.71) 

From Formula (1) and Formula (2), between the total temperature Tl and the measured 
temperature T, there is a relationship of: 

Tl = T x (1 + 0.2 x M 2 ) / (1 + 0.18 x M 2 ) 

In other words, there is only a slight difference between the total temperature Tl and the 
measured temperature T. For example, when M is 0.55, Tl = 1.006 x T, and the difference 
between them is approximately 0.6%. Consequently, if &nd r are considered to be constant, the 
measured temperature T and the total temperature Tl become a function of the speed (Mach M) 



of the airflow. Therefore, it is possible to calculate an accurate total temperature Tl by 
compensation using this function. Alternatively, it is possible to allow this difference as an 
error value, and to take the measured temperature T to be the total temperature Tl. 

Next, the effect of the shape of the casing 20 on the growth and detachment of lumps of 
ice and snow L which adhere to the temperature measuring device 10 when an aircraft on which 
engine 40 is mounted is cruising in conditions of ice and snow will be explained. 

When an aircraft is cruising in conditions of ice and snow, the airflow at or below the 
freezing point in which moisture is mixed flows into the air guide intake 41. Therefore, with 
regard to the temperature measuring device 10, the airflow strikes the leading edge section 24, 
icing occurs, and lumps of ice and snow L begin to grow (Figure 3B). Air which contains 
moisture strikes the lumps of ice and snow L, icing the front surface of the lumps of ice and 
snow L, and blowing slightly along the sides of the airflow traversing surface 23. Therefore, the 
lumps of ice and snow L grow from the initially iced section in such a way that the front surface 
width p increases while the thickness s increases frontward (in the upstream direction) (Figure 
3C). 

As shown in Figures 3A to 3C, accompanying the growth of the lumps of ice and snow 
L, the front surface width p increases, and the surface area q of the front surface increases. 
Therefore, the air resistance received by the lumps of ice and snow L gradually increases. On 
the other hand, since the leading edge section 24 on which the lumps of ice and snow L become 
adhered is formed in a sharp angle, the width (adhesion width t) over which the lumps of ice and 
snow L adhere to the casing 20 is small, and even though the lumps of ice and snow L grow 
forward (in the upstream direction), they do not become large in the rearward direction (in the 
downstream direction). Therefore, the adhesion surface area u (= adhesion width t x height b of 
the leading edge section 24) does not increase. The smaller this adhesion surface area u, the 
weaker the adhesive strength of the lumps of ice and snow L with respect to the casing 20, and 
the cross-section of the lumps of ice and snow L in the vicinity thereof is small. Therefore, they 
break up easily, and consequently, the adhered lumps of ice and snow L detach easily from the 
casing 20. 
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In addition, when the lumps of ice and snow L grow and the force of air resistance 
becomes greater than the adhesive force (shearing strength) of the lumps of ice and snow L of 
the iced section, the lumps of ice and snow L of the iced section peel away from the leading 
edge section 24 (or the vicinity of the iced section breaks up), and the lumps of ice and snow L 
fall from the leading edge section 24. The lumps of ice and snow L which fall are blown 
downstream by the airflow and are drawn into the engine 40. 

Moreover, as shown in Figures 4A to 4C, when the angle of the airflow traversing 
surfaces 23 of the sensor housing section 22 is larger than 9° (and the point angle a is greater 
p than 18°) with respect to the direction of the line of flow of the airflow, drops of water which 

Cf strike the airflow traversing surfaces 23 increase. Therefore, ice and snow adheres not only to 

PI the leading edge section 24, but also to the airflow traversing surfaces 23 (Figure 4B). The ice 

m and snow which adhere to the airflow traversing surfaces 23 grow forward and become united 

1. with the ice and snow which is adhered to the leading edge section 24. As shown in Figure 4C, 

1 7 these lumps of ice and snow L form large lumps of ice and snow L, therefore, the adhesion 

ssw;;j.- 

surface area u becomes large, and the adhesive force and the shearing strength of the lumps of 
fU ice and snow L increase. Consequently, the lumps of ice and snow L do not detach readily from 

the casing 20, and therefore they grow large. When lumps of ice and snow L which have grown 
large detach and are drawn into the engine 40, the engine 40 is damaged. The limit (= 9°) for 
the angle of the airflow traversing surfaces 23 with respect to the direction of the line of flow of 
the airflow at which lumps of ice and snow L do not grow large was obtained by 
experimentation using an ice and snow wind tunnel. 

In addition, as shown in Figures 5 A to 5C, when R of the leading edge section 24 is 
greater than 0.5 mm or the width is greater than 1 mm, the surface area which the air strikes is 
large. In other words, since the adhesion width t is large, the adhesion surface area u is large, 
and the airflow flows around rearward of the lumps of ice and snow L causing ice and snow to 
adhere, the adhesion surface area u is increased further. Therefore, the adhesive force and the 
shearing strength of the lumps of ice and snow L become stronger. Consequently, the lumps of 
ice and snow L do not detach readily from the casing 20 and grow large, and when lumps of ice 
and snow L which have grown large detach and fly into the engine, the engine is damaged. The 
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limits (R is 0.5 or a width of 1 mm) for the shape of the leading edge section 24 with which 
lumps of ice and snow L do not grow large were obtained by calculation and experimentation in 
an ice and snow wind tunnel. 

In Figures 6A to 6C, as an example of the sweptback angle j3 of the leading edge 
section 24 being less than 30° (the leading edge section 24 is inclined at an angle greater than 
60° with respect to the direction of the line of flow of the airflow), a situation in which the 
sweptback angle /3 is 0° is shown. When the airflow strikes the leading edge section 24, the ice 
and snow which adhere grow forward. At the initial stage of icing, there is less icing at the 
Q portion close to the base 21 where the flow rate of the airflow is slow (Figure 6 A). In addition, 
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as the icing progresses, the airflow is guided between the base 21 and the lump of ice and snow 
L, and ice and snow also adhere to the base 21 (Figure 6B), and this casinges with the lump of 
5j ice and snow L which has grown on the leading edge section 24 (Figure 6C). Consequently, 

since the lump of ice and snow L is adhered to the base 21 and the leading edge section 24, the 
adhesive force is strong, and the lump of ice and snow L grows large. 

Estimates were made for the growth and detachment of lumps of ice and snow L for a 
situation in which this type of temperature measuring device 10 is used. In making these 
estimates, the shearing strength of a lump of ice and snow L was assumed, and when the 
shearing stress on a lump of ice and snow L exceeded this shearing strength, the lump of ice 
and snow L was taken to have detached, and the mass of the lumps of ice and snow L at the time 
of detaching was calculated. The factors involved in determining the shearing stress are as 
follows. 

Speed, density, total temperature Tl and moisture content of the air 
The point angle ot 
The sweptback angle /8 

The width a, the height b, and the radius R of the leading edge section 24 
The front surface width p; the surface area q of the front surface, the spreading angle r, 
the thickness s, the adhesion width t, and the adhesion surface area u of a lump of ice and snow 
L 



10 



The intake of a lump of ice and snow L of up to 60 g is permissible for an engine 40 
equipped with the present temperature measuring device 10. According to the estimates, the 
lumps of ice and snow L grow, the shearing stress increases, and the shearing strength is 
exceeded when the mass of a lump of ice and snow L is 7 g. This is calculated from estimates to 
be approximately 19 seconds after the icing begins. Additionally, estimated results were 
obtained showing that after approximately 39 seconds after the start of icing, the shearing stress 
acting on a lump of ice and snow L would exceed two times the shearing strength, and even if a 
lump of ice and snow L continued to grow without detaching until this point in time, the mass of 
the lump of ice and snow L would be approximately 28 g, and this is a mass which is 
sufficiently permissible if it were drawn into the engine 40. Consequently, by means of the 
temperature measuring device 10 of the present invention, there will be no damage caused to 
the engine 40 by detached lumps of ice and snow L. 

By means of this temperature measuring device, the following effects can be obtained. 

a. Because the sensor housing section 22 is formed so that adhered lumps of ice 
and snow L do not grow large, no damage will be caused to the engine 40 by lumps of ice and 
snow L. 

b. Since there is no need for a heating mechanism to prevent the adhesion of ice 
and snow, accurate temperature measurement is possible without the need for an energy source 
or space for a heating mechanism, and it is possible for the size of the temperature measuring 
device 10 to be reduced. 

c. Since the measured temperature T is at the surface of the airflow traversing 
surfaces 23 using temperature sensor 30, it is possible to derive the total temperature Tl without 
the use of a conventionally used stagnation temperature measuring device having a structure on 
which ice and snow build up easily and with which the temperature measuring device itself 
maybe damaged 
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